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(54) Position detecting apparatus and poiting device therof 

(57) A position detecting system capable of making 
communications with a plurality of pointing devices with- 
out changing resonance circuits of said pointing 
devices, and a pointing device suitable for the position 
detecting system. The position detecting system 
detects positions of at least two cordless pointing 
devices on a two-dimensional plane and is equipped 
with a command electromagnetic wave transmitting cir- 
cuit to transmit a command to the pointing device. 
Included in the position detecting system are a first 
group of antennae X1 to X11 arranged successively in 
one of the directions orthogonal to each other within the 
two-dimensional plane 1 1 , a second group of antennae 
Y1 to Y8 arranged successively in the other direction 
orthogonal to the one direction within the two-dimen- 
sional plane 11 , a selection circuit for, from the first and 
second antenna groups, selecting an antenna which is 
more strongly coupled to the pointing device to be 
measured than to the other pointing device in transmit- 
ting an electromagnetic wave, and a transmission circuit 
for transmitting an electromagnetic wave from the 
selected antenna to the pointing device to be measured. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

The present invention relates generally to a position 
detecting system and position detecting method using a 
plurality of position pointing devices. 

2. Description of the Prior Art 

As one of the position detecting modes on a digi- 
tizer there is what is known as an electromagnetic-sig- 
nal transmitting and receiving mode. For example, this 
comprises a position detecting surface including a 
number of loop coils arranged parallel to each other, 
and a pointing device, such as a pen and cursor, 
wherein the loop coils are used as sensors, i.e., anten- 
nas, so that transmission and reception of electromag- 
netic waves are carried out between the loop coils and 
pointing device to sense a coordinate of the pointing 
device and other information on the basis of the result- 
ing detection signal. One important feature of this mode 
is providing a cordless pointing device which therefore 
does not require any cord. As disclosed in Japanese 
Patent Publication No. 2-53805 and Japanese Patent 
Laid-Open No. 3-147012. the present applicant has pro- 
posed a variety of digitizers based on this electromag- 
netic signal transmitting and receiving mode. One of the 
major problems in these applications relates to how to 
avoid noises and to accurately and quickly obtain infor- 
mation on the basis of the reception signal. 

In such an electromagnetic signal transmitting and 
receiving mode, a transmission and reception opera- 
tion, in which, for example, an electromagnetic wave is 
transmitted from one selected antenna which in turn 
again receives an electromagnetic wave re-transmitted 
from a resonance circuit or coil within the pointing 
device, is repeatedly practiced with the antennae being 
changed in turn, so that a calculation containing interpo- 
lation is made on the basis of the signal from the 
antenna attendant with the strongest reception signal 
and the signals from the antennae close thereto, 
thereby determining the coordinate of the pointing 
device. 

In addition, cordless position detecting systems 
using a plurality of such pointing devices have been 
well-known, for example, Japanese Patent Laid-Open 
Nos. 63-70326, 63-108424, 63-108425, 63-108426. In 
such systems, resonance frequencies of resonance cir- 
cuits of two pointing devices are set to be different from 
each other so that the position detection is accom- 
plished by using the resonance frequency of the reso- 
nance circuit of one pointing device subjected to 
coordinate detection to avoid interference from the res- 
onance circuit of the other pointing device. 

Moreover, a cordless position detecting system has 
also been known which uses a pointing device contain- 



ing batteries. Such a pointing device containing batter- 
ies is based on the operational principle that an 
electromagnetic wave is one-sidedly transmitted from 
the pointing device. For using a plurality of pointing 
devices on such an operational principle, the simplest 
way is to have the frequencies of the electromagnetic 
waves to be transmitted from the respective pointing 
devices adapted to be different from each other so as to 
implement reception at every frequency. 

On the other hand, a new method of use has been 
proposed wherein a cordless pointing device is not lim- 
ited to only an input device, but is used as a means to 
store, display and output information (for example, as 
disclosed in Japanese Patent Laid-Open No. 5- 
181582). In this case, it is required to accomplish the 
position instruction operation and information communi- 
cation at a cordless state. 

For information exchange with a specific one of a 
plurality of pointing devices to be simultaneously used, 
a means should be needed which is capable of selec- 
tively establishing communication with the specific 
pointing device. Particularly, a transmission means 
which is capable of transmitting information to only the 
specific pointing device is important. On the other hand, 
for reception of information from the specific pointing 
device, there is no particular problem, because control 
may be made so as to perform the transmission by only 
the specific pointing device. 

As a way of implementing the selective communica- 
tion with a specific plurality of pointing devices, a 
method of assigning different inherent electromagnetic- 
wave frequencies to the respective pointing devices is 
known. However, in this instance, difficulty is experi- 
enced in simultaneously using a plurality of pointing 
devices to which the same frequency is assigned. For 
this reason, combinations of pointing devices to be 
simultaneously used are subjected to limitations, thus 
causing the users to be thrown into confusion. 

This problem also applies to the case of employing 
a resonance -circuit of a pointing device in common as a 
means to make communication for the purpose of coor- 
dinate detection of the pointing device. That is, in a case 
where the resonance frequencies of resonance circuits 
of pointing devices to be used simultaneously are the 
same, it is impossible to similarly perform both the posi- 
tion detection and communication. For this reason, 
there is the need for different frequencies being 
assigned in advance to resonance circuits of a plurality 
of pointing devices, and therefore, as well as the above, 
combinations of pointing devices to be simultaneously 
used are limited, thus resulting in the users being 
brought to confusion. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a position detecting system which is capable of 
communications with a plurality of pointing devices with- 
out changing frequencies of the respective pointing 
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devices, and further provide a pointing device suitable 
therefore. 

According to the present invention, with an electro- 
magnetic wave being concentratedly transmitted to a 
specific position, information can be sent to only a spe- 
cific pointing device. Since the pointing device is mate- 
rial and does not simultaneously occupy different 
places, when the electromagnetic wave is concentrat- 
edly transmitted to a specific position, only the specific 
pointing device can receive the strong electromagnetic 
wave. 

In the case where two pointing devices are pro- 
vided, transmission is made with one antenna being 
selected from a plurality of antennae arranged side by 
side in the X-axial or Y-axial direction, thus making it 
possible to transmit a strong electromagnetic wave to 
only one specific pointing device. 

On the other hand, in the case that three or more 
pointing devices are provided, it is not able to transmit a 
strong electromagnetic wave to each of specific pointing 
device, with only one antenna while, if in this case a plu- 
rality of antennae contribute to transmission, a strong 
electromagnetic wave can be transmitted to only a spe- 
cific pointing device. In other words, by selecting a com- 
bination of an antenna in the X-axial direction and an 
antenna in the Y-axial direction, it is possible to give a 
strong electromagnetic wave to only a specific pointing 
device. 

Furthermore, when implementing the transmission 
of electromagnetic waves with combinations of a plural- 
ity of antennae, if other pointing devices exist at posi- 
tions exposed to the influences, an electromagnetic 
wave having an appropriate strength and having the 
antiphase is transmitted from an appropriate antenna so 
that the transmitted electromagnetic wave can be can- 
celled at the position where it is predicted that the other 
pointing devices exist, thereby cancelling the effects on 
the other pointing devices. 

Since the aforesaid antennae arranged side by side 
in the X-axial and Y-axial directions are mounted on a 
position detecting system, which performs the transmis- 
sion and reception of electromagnetic waves for the pur- 
pose of detecting the positions of the pointing devices, it 
is also possible to use the antennae in common as 
antennae for information communications as described 
above. 

In particular, in a position detecting system of the 
type where a pointing device contains a resonance cir- 
cuit, for position detection an internal circuit of the point- 
ing device is operable using a portion of the power 
applied to the resonance circuit. 

In addition, in such a position detecting system 
where the pointing device contains a resonance circuit, 
giving instructions to a specific pointing device as 
described above, it is also possible to, for example, exe- 
cute the control so that the resonance circuit of the 
pointing device does not come into operation for a fixed 
time period. Consequently, if only the resonance circuit 
of a specific pointing device is controlled to be operable. 



its position is detectable without being subjected to 
interference with other pointing devices. Thus, when the 
resonance circuits of the respective pointing devices are 
selected one by one in turn and only the selected one is 

5 controlled to operate, the coordinates of ail the pointing 
devices are detectable with no interference from the 
other pointing devices. In this case, any combination of 
the pointing devices are is applicable with only one res- 
onance frequency. 

io Moreover, giving a command to a specific pointing 
device permits the resonance frequency of the reso- 
nance circuit of the specific pointing device to be 
changeable. Accordingly, if the resonance frequencies 
of the respective pointing devices are adapted to be 

is changed to different frequencies, it is possible to 
achieve position detection of the pointing devices and 
information communication by using specific frequen- 
cies set individually for the pointing devices afterwards. 
In this case, there is no need for instructions always 

20 being continuously given to control the resonance cir- 
cuits of the pointing devices, thus resulting in efficiently 
displaying its function. 

Furthermore, in such a case of changing the fre- 
quencies of the pointing devices to make communica- 

25 tions, a new pointing device coming into a detectable 
area is responsive to the initial frequency, whereby, after 
recognizing this, its resonance frequency is changeable 
to a vacant frequency so as to make preparations for a 
newly added pointing device. 

so The change of the resonance frequency of the 
pointing device as described above can make effective 
communication by means of avoiding a specific fre- 
quency band containing external noises. 

These and other objects, features and advantages 

35 of the invention will become more apparent upon read- 
ing the following detailed specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

40 Fig. 1 is a schematic illustration of an arrangement 
of a position detecting system according to an 
embodiment of the present invention. 
Figs. 2A to 2C are illustrations describing one 
* example of a command transmission according to 

45 this invention. 

Figs. 3A to 3C are illustrations describing an 
embodiment using three pointing devices. 
Figs. 4A to 4C are illustrations describing an exam- 
ple of signal reception in the embodiment. 

so Figs. 5A to 5C show one example of a waveform of 
a reception signal in the embodiment 
Fig. 6 is an illustration describing a coordinate 
measurement in the embodiment. 
Fig. 7A and 7B are illustrations describing antenna 

55 scanning methods; Fig. 7A showing a conventional 
example and Fig. 7B showing an antenna scanning 
method during signal transmission and reception 
according to the embodiment of this invention. 
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Fig. 8 is an illustration of an arrangement of a point- 
ing device according to an embodiment. 
Fig. 9 is an illustration of another arrangement of a 
pointing device according to the embodiment. 
Fig. 10 is an illustration of a further arrangement of 
a pointing device according to the embodiment. 
Fig. 11 is an illustration of a still further arrange- 
ment of a pointing device according to the embodi- 
ment. 

Fig. 12 shows an arrangement of an internal circuit 
of a pointing device according to an embodiment; 
and 

Fig. 13 is a waveform illustration for describing 
transmission of command information and opera- 
tion of the jpterior of a pointing device associated 
therewith according to the embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The present invention will be described below with 
reference to the embodiments. 

Fig. 1 conceptionally shows an arrangement of a 
position detecting system according to an embodiment 
of this invention. In a two-dimensional plane 11 of the 
position detecting system, there are provided a first 
group of a plurality of antennae X1 to X1 1 (1 1 antennae 
in the illustration) arranged in the X-axial direction and a 
second group of a plurality of antennae Y1 to Y8 (8 
antennae in the illustration) arranged in the Y-axial 
direction. To these antenna groups X1 to X1 1 and Y1 to 
Y8 there are respectively connected X-axial antenna 
switching circuits 12A, 12B and the Y-axial antenna 
switching circuits 13A, 13B. 

The one end of the X-axial antenna switching circuit 
12A and the one end of the Y-axial antenna switching 
circuit 13A are coupled through a transmit-receive 
switching circuit 14Ato a transmitting circuit 15A, while 
the other end of the X-axial antenna switching circuit 
12B and the other end of the Y-axial antenna switching 
circuit 13B are coupled through a transmit-receive 
switching circuit 14B to a transmitting circuit 15B. Here, 
the transmitting circuit 15A is directly connected to a 
command encoder 17, while the transmitting circuit 15B 
is coupled through a 1 80-degree phase shifter 1 6 to the 
command encoder 17. The command encoder 17 is 
connected to a transmission frequency selection circuit 
18 which in turn, is coupled to oscillators 19A to 19D 
whose source frequencies are fO, f 1 , f2 t and f3. 

On the other hand, the one end of the X-axial 
antenna switching circuits 12A and the one end of the Y- 
axial antenna switching circuits 13A are also connecta- 
ble through the transmit-receive switching circuits 14A 
to a receiving circuit 20. detector 21 , A/D (analog-to-dig- 
ital) converter 22. and CPU (central processing unit) 23. 
The CPU 23 analyzes the information the receiving cir- 
cuit 20 receives, and is operative to supply the com- 
mand encoder 17 with the information which is 
transmitted through the transmitting circuits 15A, 15B. 



Furthermore, a description will be made herein 
below in terms of an embodiment wherein a plurality of 
pointing devices are used in the position detecting sys- 
tem in order to make information communications 

5 between each of the devices and the system. Here, 
each of the plurality of pointing devices include a reso- 
nance circuit comprising a coil and capacitor, and is 
made to accomplish the position detection without 
requiring any cord (cordless structure). The resonance 

w circuits, in their initial state, substantially have the com- 
mon resonance frequency fO. 

In the system, an electromagnetic wave can be 
transmitted from the transmitting circuits 15A, 15B to a 
given pointing device, the frequency of the electromag- 

15 netic wave being close to the resonance frequency of 
the resonance circuit of the pointing device. A response 
electromagnetic wave generated due to the electromag- 
netic interaction of this electromagnetic wave, and reso- 
nance circuit, is received by the receiving circuit 20 so 

20 as taanalyze the response power distribution thereof for 
measuring the coordinate of the pointing device. In 
addition, it is also possible to carry out the transmission 
and reception of information to and from the given point- 
ing device. 

25 As a possible example of such information trans- 
mission and reception, there is a case of transmitting 
information such as your own name, address, and credit 
number from a pointing device for simplification of input, 
transmitting information such as your body size and 

30 favorite color for utilization in an electronic order sys- 
tem, or storing information such as your case history, 
names of drugs now in use and emergency address in 
the pointing device for utilization as emergency informa- 
tion. On the contrary, for this information to be inputted 

35 through a keyboard connected to the position detecting 
system then to be stored in a pointing device, it is also 
possible to make transmission of the information from 
the position detecting system to the pointing device. 
For such position measurement of a specific point- 

40 ing device and for information transmission and recep- 
tion to and from the pointing device, one or a plurality of 
antennae are selected from the group of X-axial anten- 
nae X1 to X1 1 and the group of Y-axiaJ antennae Y1 to 
Y8 to transmit and receive the above information. Fur- 

45 ther, the position detection can be achieved by transmit- 
ting from a specific antenna and then by receiving the 
response with the respective antennae being scanned, 
wherein in order to completely avoid the influence from 
the other pointing devices, different resonance frequen- 
ce cies are assigned to pointing devices to be used respec- 
tively, and then the position measurement and 
information transmission and reception are carried out 
with these resonance frequencies afterwards. A 
description will be made later in terms of this case. 

55 First, the transmission and reception to and from 
the respective antennae X1 to X1 1 and Y1 to Y8 are 
implemented at the initial frequency fO so as to measure 
the strength distribution of the electromagnetic waves 
returning from the respective pointing devices, thus 



BNSDOCID: <EP 0737933A1_I_> 



7 



EP 0 737 933 A1 



8 



allowing approximate position measurement of the 
respective pointing devices. 

A more detailed example will be described with ref- 
erence to Figs. 2A to 2C. That is, as shown in Rg. 2A. 
pointing devices 30A and 30B are placed on a two- 
dimensional plane 30 including the antennae X1 to X6 
and Yl to Y6 which in turn, are scanned to measure the 
reception signal strengths. This measurement the result 
of is illustrated in Figs. 2B and 2C. According to this 
result, of the X-axial antenna group the antenna X3 
shows a large reception signal, and of the Y-axial 
antenna group the antennas Y3, Y5 indicate large 
reception signals. It is obvious from this that difficulty is 
encountered in supplying a specific pointing device with 
a strong electromagnetic wave when electromagnetic 
waves are transmitted from the X-axial antenna group, 
while, if electromagnetic waves are transmitted from the 
Y-axial antennae Y3 and Y5, the pointing devices 30B 
and 30 A can receive strong electromagnetic waves. 
Accordingly, the antennae Y5 and Y3 are selected as 
antennae for the pointing devices 30 A and 30 B. 

Moreover, Figs. 3A to 3C show an example using 
three pointing devices. Even in this case, where all the 
antennae are scanned at a state with repeated trans- 
mission and reception to and from all the pointing 
devices, the reception signal strengths of the respective 
antennae are obtainable as shown in Figs. 3B and 3C. 
From this, it is recognized that two pointing devices are 
located at the position of the antenna X3 t one pointing 
device is placed at the position of the antenna X5, two 
pointing devices are present at the position of the 
antenna Y3, and one pointing device exists at the posi- 
tion of the antenna Y5. Subsequently, transmission is 
made from the antenna X3 and reception is made by the 
antennae Y3 and Y5, whereby it becomes obvious that 
one pointing device is present at the point of intersec- 
tion of the antennae X3 and Y3, and another pointing 
device is present at the point of intersection of the 
antennae X3 and Y5. In addition, when transmission is 
effected by the antenna X5 and reception is imple- 
mented by the antennae Y3 and Y5, it is recognized that 
a pointing device exists at the point of intersection of the 
antennae X5 and Y3, while no pointing device is present 
at the point of intersection of the antennae X5 and Y5. 
Accordingly, the antennae Y5 and X5 can be selected 
as transmission antennae for the pointing devices 30A 
and 30C. Furthermore, for the position pointing device 
30B, two antennae X3 and Y3 are to be selected. That 
is, if electromagnetic waves are simultaneously trans- 
mitted from the antennae X3 and Y3 to the pointing 
device 30B, it is possible to send to the device 30B an 
electromagnetic wave stronger than electromagnetic 
waves to the other pointing devices. 

Secondly, a command electromagnetic wave is 
transmitted from one or a plurality of antennae thus 
selected to a specific pointing device to give an instruc- 
tion indicative of the change of its resonance frequency 
from fO to f1 , by which instruction the resonance fre- 
quency of the specific pointing device turns to f1 and, 



hence, it is no longer responsive to the frequency fO. 
Similarly, command electromagnetic waves are trans- 
mitted to other pointing devices to make the transmis- 
sion frequencies become f2, f3 and f4, respectively. 

5 Thereafter, necessary information communication 

is made to each pointing device using different frequen- 
cies fO, f 1 , f2 or f3. Moreover, with the respective anten- 
nae being scanned, the response electromagnetic wave 
from the resonance circuit of the pointing device is 

10 received to accurately execute the position measure- 
ment of the pointing device on the basis of its distribu- 
tion characteristic. 

In this case, when a new pointing device enters an 
effective area, the pointing device is responsive to the 

15 frequency fO. Accordingly, monitoring this frequency 
allows immediate recognition of the new pointing device 
entering it. In a similar way, a new frequency can be 
assigned to the new pointing device. 

Furthermore, a description will be made in terms of 

20 an example of successively measuring the positions of 
a plurality of pointing devices to which frequencies are 
respectively assigned. An antenna is selected for a spe- 
cific pointing device which is a measured object, while 
an electromagnetic wave with a frequency close to the 

25 resonance frequency (fO, f 1 , f2 or f3) of the resonance 
circuit of the specific pointing device is transmitted from 
the selected antenna to the specific pointing device. 
Subsequently, all the antennae are scanned for receiv- 
ing the response electromagnetic wave due to the elec- 

30 tromagnetic interaction between the transmitted 
electromagnetic wave and the resonance circuit of the 
pointing device, in which case the coordinate of the 
pointing device is determined in accordance with the 
results. One example of the results is shown in Figs. 4A 

35 to 4C. As obvious from Figs. 4A and 4B, the position of 
the pointing device 30A is placed at the intersection 
between the antennae X3 and Y5. 

Then, a decision is made as to whether a further 
pointing device to be measured exists or not. If so, the 

40 aforesaid measurement is repeatedly implemented. For 
this embodiment, the pointing device 30B will be the 
next object to be measured. For this reason, the 
antenna Y3 subsequently transmits an electromagnetic 
wave with a frequency close to the resonance frequency 

45 of the resonance circuit of the pointing device. In addi- 
tion, the respective antennae are scanned for receiving 
the response electromagnetic waves, which allows for 
determination of the position of the pointing device 30 B 
in accordance with the results. One example of the 

so results is shown in Figs. 5A and 5B. From Figs. 5B and 
5C, it is obvious that the position of the pointing device 
30B is present at the intersection between the antennae 
X3 and Y3. 

For actually calculating the coordinate of a pointing 
55 device, for instance as shown in Fig. 6, the waveform of 
the received signal is sampled at the antenna so as to 
obtain the differences a and b between the peak 
antenna signal strength and the adjacent antenna sig- 
nal strengths. Assuming that the antenna pitch is taken 



5 



BNSDOCID: <EP 0737933A1 J_> 



9 



EP 0 737 933 A1 



10 



as L, the difference dX between the position of the 
peak-indicating antenna and the actual peak signal 
strength position (the position of the pointing device) 
can be expressed in accordance with the following 
equation. Accordingly, use of this equation permits the" 
calculation of the coordinate of the pointing device. 

dX = {(a - b) / (a + b)} x (L/2) 

As described above, according to this invention, as 
a method of measuring the pointing device coordinate, 
an electromagnetic wave is transmitted fixedly to the 
closest antenna to the pointing device and the antennae 
are scanned in turn only during the reception. The com- 
parison of this transmit-receive method with a conven- 
tional method is shown in Figs. 7A and 7B. In the 
conventional method, as illustrated in Fig. 7A, the trans- 
mission and reception to and from an antenna are car- 
ried out with the antenna scanned, while as illustrated in 
Fig. 7B according to this invention a transmitting 
antenna is fixed and antennae are scanned only during 
the reception. Although this method has already been 
proposed by this applicant, adopting a method like this 
embodiment makes it possible to prevent the interfer- 
ence between a plurality of pointing devices without 
requiring assignment of different frequencies to the res- 
onance circuits of the respective pointing devices, 
selecting an antenna most strongly coupled to a point- 
ing device to be measured for transmission, and receiv- 
ing the response electromagnetic wave. Since in this 
embodiment resonance frequencies are assigned to the 
resonance circuits of the respective pointing devices so 
as to avoid the interference therebetween, it is possible 
to completely eliminate interference by other pointing 
devices for position detection. 

Although in the above-mentioned embodiment the 
antennae are adapted to be successively scanned dur- 
ing the reception, it is also possible that a plurality of 
receiving circuits are provided so as to simultaneously 
accomplish receptions from a plurality of antennae. 

As described above, the position detection of the 
respective pointing devices and information exchange 
therewith do not always require the assignment of differ- 
ent frequencies to the respective pointing devices, but 
can be effected with an electromagnetic wave being 
transmitted so as to achieve the strong connection with 
only a specific pointing device. In particular, for only 
transmission of information, with the transmission made 
as digital information, it is possible to readily transmit 
command information to only a pointing device present 
at a specific location even if the difference between the 
transmission strengths is small. Accordingly, giving the 
aforesaid command for setting a resonance frequency 
is relatively easy and the information exchange and 
position detection can be performed afterwards without 
any interference with other pointing devices. 

Furthermore, even if no resonance frequency is 
individually set to each pointing device, when (as 
described above) an electromagnetic wave is transmit- 



ted to only a specific pointing device, information 
exchange and position detection are possible. However, 
when the three or more pointing devices are used, there 
may occur a problem with respect to the a problem with 

5 respect to the precision of the coordinate.. 

As described above, in the Fig. 3A to 3C case, a 
strong electromagnetic wave can be transmitted to the 
pointing device 30B by means of simultaneous trans- 
missions of electromagnetic waves from the antennae 

10 X3 and Y3, while at the same time weak electromag- 
netic waves are also transmitted to the pointing devices 
30A and 30C and return thereto as interfering signals at 
the time of reception. In other words, in order to improve 
the coordinate precision, antiphase electromagnetic 

15 waves are required to be transmitted in cancel the trans- 
mission of the electromagnetic waves to the pointing 
devices 30A and 30G. 

More specifically, when electromagnetic waves in 
phase with each other are outputted from the antennae 

20 X3 and Y3, electromagnetic waves with phases inverted 
to those from the antennae X3 and Y3 are also transmit- 
ted from the antennae Y5 and X5 crossing the antennae 
X3 and Y3 at the positions of the pointing devices 30A 
and 30C. When ac currents are respectively supplied 

25 into the antennae X3 and Y3, the strength of the electro- 
magnetic wave, which is observed at the intersection of 
the antennae X3 and Y3 where the pointing device 30B 
lies, is two times greater then that caused by each 
antenna. At this time, the electromagnetic wave caused 

30 by two antennae arrives at the pointing device 30A, and 
similarly at 30C. However, since electromagnetic waves 
from the antennae X3 and Y5, are in antiphase, they are 
cancelled by each other at the position of the pointing 
device 30A, thus bringing the electromagnetic wave 

35 strength to appropriately zero. Similarly, at the position 
of the pointing device 30C, since electromagnetic waves 
from the antennae Y3 and X5 in antiphase, they are 
cancelled by each other to allow the electromagnetic 
wave strength to become zero. As a result, the electro- 

40 magnetic wave reaches the pointing device 30B only 
and hence only the pointing device 30B provides a 
received signal, which makes it possible to more accu- 
rately obtain the position of the pointing device 30B. 
In addition, as a way of effectively performing infor- 

45 mation exchange with a specific pointing device of a plu- 
rality of pointing devices each having a resonance 
circuit without changing the resonance frequency as 
described above, there is a method in which the reso- 
nance circuits of the other pointing devices are short- 
so circuited so as not to be operable. More specifically, 
when all the resonance circuits of the pointing devices 
other than the specific one are short-circuited so as not 
to come into operation, the position measurement of the 
specific pointing device is allowed without interferences 

55 with the other pointing devices. 

This method has an advantage in that the measure- 
ment is relatively easy and that it is necessary for only 
one frequency if the number of the pointing devices is 
not extremely large. There is a problem which arises 
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with this method, however, in that, when the number of 
the pointing devices to be simultaneously used 
increases, the efficiency deteriorates because com- 
mand information is required to be supplied to each 
pointing device. In conclusion, when the number of the 5 
pointing devices is large, it is more effective that differ- 
ent resonance frequencies are assigned thereto. 

Furthermore, in the case of using a plurality of 
pointing devices, when the number of the pointing 
devices increases, there is a possibility of being short of 10 
the frequencies to be assigned, in which case the same 
frequency can be assigned to two or more pointing 
devices which are placed so as not to suffer from mutual 
interference. From this, more pointing devices are usa- 
ble. 15 

In the Fig. 1 position detecting system, a plurality of 
oscillators whose oscillating frequencies are fixed, are 
employed. In addition, it is also appropriate to use, for 
example, a variable-frequency oscillator. For instance, a 
PLL circuit provides frequencies integer times the refer- 20 
ence frequency, that is, a plurality of accurate frequen- 
cies are obtainable by taking advantage of a frequency 
synthesizer. In this case, for change of the oscillating 
frequency, it takes time until the frequency becomes 
stable, and therefore a plurality of variable-frequency 25 
sources are employed to save the time for stabilizing. 
Even in this case, there is an advantage in that its circuit 
scale becomes smaller as compared with the case that 
the fixed-frequency oscillators are used by the number 
equal to that of the pointing devices. 30 

A description will be made below in terms of an 
arrangement of a pointing device suitable for the above 
embodiment. Fig. 8 is an illustration of an arrangement 
of a pointing device according to an embodiment. The 
pointing device, designated generally at reference 35 
numeral 100 A, is equipped with a command receiving 
circuit 110 for receiving a command from the position 
detecting system and a command executing circuit 120 
for executing the command. Further included is a coor- 
dinate detecting circuit 130 for detecting the position of 40 
the pointing device 100 A above the position detecting 
system. 

Fig. 9 illustrates an arrangement of a pointing 
device containing a resonance circuit which has con- 
nections with another embodiment. The pointing device 45 
100B includes a resonance circuit 140 comprising at 
least a coil and a capacitor, and further includes a com- 
mand receiving circuit 150 for receiving a command 
from the resonance circuit 140. The resonance fre- 
quency of the resonance circuit 140 is made to be so 
changeable by a resonance state changing circuit 160 
which is operative in accordance with command infor- 
mation from the command receiving circuit 110. This 
pointing device 11 0B receives a command at a fre- 
quency altered afterwards, and practices the position ss 
detection by means of the resonance circuit 140. 

Fig. 1 0'shows an arrangement of an pointing device 
which has connections with a further embodiment. This 
pointing device 100C is provided with a resonance 
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operation stopping circuit 170 which stops the reso- 
nance operation of the resonance circuit 140 in accord- 
ance with a command the command receiving circuit 
150 receives. 

In Fig. 1 1, a pointing device 100D has an arrange- 
ment in which a resonance frequency changing circuit 
180 is incorporated which makes change to a reso- 
nance frequency other than the frequency taken for 
stopping the resonance operation of the resonance cir- 
cuit 140. 

Furthermore, Fig. 12 shows one example of a cir- 
cuit arrangement of the Fig. 9 pointing device where the 
resonance frequency is variable. As shown in the figure, 
a well-known resonance circuit 41 is structured with a 
coil 41a and capacitor 41b being coupled in series to 
each other. Capacitors 42a and 42b are respectively 
connected through switches 43a and 43b to the capaci- 
tor 41b of the resonance circuit 41 so that the reso- 
nance frequency of the resonance 41 is changed 
according to four combinations of on and off operations 
of these switches 43a and 43b. The resonance charac- 
teristic of the resonance circuit 41 is controlled to one of 
the four. 

A rectifier 44 makes up a power extracting means 
which picks up a DC voltage from an induced voltage 
developed in the resonance circuit 41 and supplies it as 
a power supply voltage to other circuits. Moreover, 
using a detector 45a, low-pass filter (LPF) 46a and com- 
parator 47a derive only an induced voltage continuing in 
excess of the longest time period is derived from an 
induced voltage developed in the resonance circuit 41 
through the low-pass filter 46a which has a relatively 
large time constant (t), before being shaped to produce 
a switching signal. Further, using a detector 45b, low- 
pass filter 46b and comparator 47b, only an induced 
voltage appearing in excess of a predetermined time 
period is extracted from an induced voltage developed 
in the resonance circuit 41, through the low-pass filter 
46b with an average time constant (t) before it is shaped 
to create a start-up timing signal. Still further, by means 
of a detector 45c, low-pass filter 46c and comparator 
47c, an induced voltage occurring intermittently at a 
predetermined period for a constant duration sufficiently 
shorter that the foregoing predetermined time period is 
picked up from an induced voltage developed in the res- 
onance circuit 41 and then shaped so as to produce a 
clock signal. Only the induced voltage continuing in 
excess of the longest time period is derived through the 
low-pass filter 46c with a relatively small time constant 
(t) and shaped to produce a switching signal. In this 
arrangement, a four-bit instruction, in which an electro- 
magnetic wave whose duration is longer than a prede- 
termined time period and shorter than the longest time 
period gives a "1" and an electromagnetic wave for a 
duration sufficiently shorter than the predetermined 
time period gives a "0", is issued from the position 
detecting system to the pointing device after an electro- 
magnetic wave with a duration longer than the longest 
time period is previously added as a start-up bit 
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In the illustration, numeral 48 represents a D flip- 
flop, making up a hold circuit connected to the compara- 
tor 47a, and numeral 49 designates a counter con- 
nected to the comparator 47c, which generates a reset 
signal to reset the D flip-flop 48. Further, numeral 50 5 
denotes a shift register inputs the output signal of the 
comparator 47b, i.e., an instruction in accordance with a 
clock from the comparator 47c after the D flip-flop 48 is 
set in response to the output of the comparator 47a 
together with the counter 49, is started by its Q output, w 
Moreover, numeraJ 51 indicates a four-bit latch for latch- 
ing the output of the shift register 50 when the counter 
49 reaches a predetermined value (here, "4"). The 
latched output is fed to a command decoder 52 which, 
in turn decodes the command so as to set the reso- 75 
nance frequency to a given value. 

Fig. 13 is an illustration of operational waveforms 
appearing when using a pointing device, where (a) 
shows a transmission signal in the position detecting 
system side; (b) indicates a reception signal (induced 20 
voltage) of the resonance circuit 41 ; (c) denotes an out- 
put signal of the low-pass filter 46c; (d) represents an 
output signal of the comparator 47c; (e) designates an 
output signal of the low-pass filter 46b; (f) represents an 
output signal of the comparator 47b; (g) indicates an 2s 
output signal of the low-pass filter 46a; (h) designates 
an output signal of the comparator 47a; (i) indicates a Q 
output of the D flip-flop 48; and (j) denotes a value of the 
counter 49. 

As described above, according to this invention, 30 
irrespective of using a plurality of pointing devices, an 
electromagnetic wave strongly associated with the 
selected pointing device is transmitted, whereby it is 
possible to make information communication with a spe- 
cific one of the plurality of pointing devices. In addition, 35 
in the case of a resonance circuit included in each point- 
ing device, there is no need for a plurality of resonance 
frequencies being set to the pointing devices, while an 
electromagnetic wave strongly related to the selected 
pointing device is emitted which allows individual detec- 40 
tions of the positions of the respective pointing devices, 
thus freely determining a combination of the pointing 
devices for the position detecting system. In addition, 
even if a number of pointing devices are employed, the 
effective utilization of the frequencies is possible. 45 

As many apparently widely differing embodiments 
of this invention may be made without departing from 
the spirit and scope thereof, it is to be understood that 
the invention is not limited to the specific embodiments 
thereof except as defined in the appended claims. so 

Claims 

1 . A position detecting system which detects positions 
of at least two cordless pointing devices on a two- ss 
dimensional plane and is equipped with a com- 
mand electromagnetic-wave transmitting circuit for 
transmitting a command to said pointing devices, 
comprising: 
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a first group of antennae arranged succes- 
sively in one of directions orthogonal to each 
other within said two-dimensional plane; 
a second group of antennae arranged succes- 
sively in the other direction orthogonal to said 
one direction within said two-dimensional 
plane; 

selection means for selecting at least an 
antenna of said first and second antenna 
groups, which allows transmission of an elec- 
tromagnetic wave to one of said pointing 
devices to be measured, said electromagnetic 
wave being more strongly coupled to said one 
pointing device than to the other pointing 
device; and 

transmission means for transmitting said elec- 
tromagnetic wave from said antenna, selected 
by said selection means, to said pointing 
device to be measured. 

2. A position detecting system as set forth in claim 1 , 
wherein said selection means selects a plurality of 
antennae, and a combined electromagnetic wave of 
said electromagnetic waves transmitted from said 
plurality of selected antennae with said transmis- 
sion means is more strongly coupled to said point- 
ing device to be measured than to the other 
pointing device. 

3. A position detecting system as set forth in claim 2, 
wherein said transmission means uses at least an 
antenna other than said plurality of selected anten- 
nae to transmit an electromagnetic wave whose 
phase is opposite to that of said electromagnetic 
wave transmitted from said selected antennae, said 
first-mentioned antenna being strongly coupled to 
the other pointing device different from said pointing 
device to be measured. 

4. A position detecting system as set forth in claim 1 , 
wherein said first and second antenna groups are 
also used as antennae receiving electromagnetic 
waves for position detection. 

5. A position detecting system as set forth in claim 4, 
wherein each of said pointing devices contains a 
resonance circuit comprising at least a coil and a 
capacitor, and said transmission means transmits 
an electromagnetic wave with a frequency close to 
a resonance frequency of said resonance circuit of 
said pointing device to be measured when detect- 
ing a position of said pointing device to be meas- 
ured, said transmission means being further 
provided with a reception circuit which receives 
through a portion of said antenna groups an elec- 
tromagnetic wave returning from said resonance 
circuit of said pointing device to be measured to 
detect said position of said pointing device to be 
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measured on the basis of a distribution of a 
received signal characteristic. 



6. A position detecting system as set forth in claim 5, 
wherein "said pointing device further comprises a 5 
resonance operation stopping circuit for stopping its 
own resonance circuit in accordance with the com- 
mand it receives, and said transmission means 
transmits a command electromagnetic wave at 
least a portion of which includes a command for io 
inhibiting said resonance circuit of said pointing 
device to be measured from getting into operation 
when no detection is made in terms of said position 

of said pointing device to be measured. 

15 

7. A position detection system as set forth in claim 5, 
wherein said pointing device has a resonance fre- 
quency changing circuit for changing said reso- 
nance frequency of its own resonance circuit in 
accordance with the command which said pointing 20 
device receives, and said transmission means 
transmits a command electromagnetic wave at 
least a portion of which includes a command for 
changing said resonance frequency of said reso- 
nance circuit to be measured, before transmitting 25 
an electromagnetic wave with a frequency close to 
the changed resonance frequency for position 
detection of said pointing device to be measured, 
and said reception circuit receives said electromag- 
netic wave. 30 



8. A pointing device having a resonance circuit at least 
comprising a coil and a capacitor, and used in con- 
nection with a position detecting system without 
requiring a cord between said pointing device and 35 
said position detecting system, said pointing device 
comprising: 

a reception circuit for receiving external com- 
mand information; and 40 
a resonance state changing circuit for changing 
a resonance state of said resonance circuit in 
accordance with said command information 
said which the reception circuit receives. 

. 45 

9. A pointing device as set forth in claim 8, wherein 
said resonance state changing circuit serves as a 
resonance operation stopping circuit for stopping a 
resonance operation of said resonance circuit. 

50 

10. A pointing device as set forth in claim 8, wherein 
said resonance state changing circuit acts as a 
changing circuit for changing a resonance fre- 
quency of said resonance circuit, and when a plu- 
rality of pointing devices are used in connection 55 
with said position detecting system, said plurality of 
pointing devices have resonance frequencies sub- 
stantially equal to each other at least at their initial 
states. 
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Fig. 4 



pointing device A 

30A 



pointing device B 

30B 31 



(a) 



innr 



7 



Z 



7 



1_ 



:y 6 
;y 5 

Y 4 
Y3 

Y 2 

Y 1 



XI X2X3X4X5 X6 
signal strength 



t 



n 



(b) 



XI X 2 X 3 X4 X5 X6 



signal strength 



Y 6 

Y 5 
Y4 

Y 3 
Y2 

Y 1 



(C) 



BNSDOCID: <EP 0737933A1_I_> 



13 



r 



EP 0 737 933 A1 
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